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Abstract 
 
The alveolar process is the most supporting tooth containing trabeculae and has the highest metabolic rate in the 
mandibular body of post-menopausal women. The decreasing in estrogens level on post-menopausal women results a 
faster reaction than men for 2-3 times. This research aims to determine the bone quality based on trabeculae alveolar 
process analysis using panoramic radiographs. The research methodology was to conduct 67 samples of panoramic 
radiographs from RSGM Unpad.  This research applied observational methodology by taking cross-sectional data using 
secondary data on three groups of bone quality based on measurement using DEXA t-score (normal, osteopenia and 
osteoporosis). The panoramic radiograph data processing was conducted with Image J software by separating the 
background and foreground (trabeculae). A focus of 30x30 mm ROI in the alveolar distal portion of the left and right 
mandibular second premolar teeth, and calculation of trabecular area. Result: average of normal trabecular area: 82.35%, 
osteopenia: 73.9% and osteoporosis: 68.7% respectively. The difference between normal and osteoporosis was 
discovered, but no difference was found between normal and osteopenia with p <0.05. This research concludes that the 
region of interest trabecular of alveolar process with panoramic radiograph can be used to detect osteoporosis on post-
menopausal women. 
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Abstrak 
 
Prosesus alveolar merupakan pendukung gigi paling banyak mengandung trabekula dan, mempunyai tingkat metabolism 
paling tinggi di bodi mandibular perempuan pasca menopause. Penurunan estrogen pada perempuan pasca menopause 
memberikan reaksi 2-3 kali lebih cepat dari pada laki-laki. Tujuan penelitian untuk menentukan kualitas tulang 
berdasarkan analisis trabekula prosesus alveolaris menggunakan radiograf panoramik. Metode penelitian dilakukan 
terhadap 67 sampel radiografi panoramik dari RSGM Unpad. Penelitian ini menggunakan metode observasional dengan 
pengambilan data secara crosssectional menggunakan data sekunder pada tiga kelompok kualitas tulang berdasarkan 
pengukuran yang menggunakan t-score DEXA (normal, osteopenia dan osteoporosis). Proses pengolahan data radiograf 
panoramik menggunakan software Image J dengan memisahkan bagian latar (background) dan trabekula (forground). 
ROI 30x30 mm pada alveolar bagian distal gigi premolar kedua mandibula kiri dan kanan, dan hitungan luas area 
trabekula. Hasil: rata-rata luas area trabekula normal rata-rata: 82,35%, osteopenia: 73,9% dan osteoporosis: 68,7%. 
Terdapat perbedaan antara normal dan osteoporosis dan tidak terdapat perbedaan antara normal dan osteopenia p<0,05. 
Region of interest prosesus alveolar trabekula dengan radiografi panoramik dapat digunakan untuk mendeteksi 
osteoporosis perempuan pascamenopause. 
 
Kata kunci: trabekula alveolar, osteoporosis, radiograf panoramic 
 
 
INTRODUCTION 
 
The incidence of Osteoporosis in post-menopausal 
women in Indonesia is quite large, namely 32.8% in, 
is ranked 3rd in Southeast Asia and is number 5 
worldwide.
1
 Along with the increasing of life expec-
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tancy, the number of elderlies will continue to rise. 
Projections of 2030, the population of menopausal 
women will be 1.2 billion with 47 million new cases 
each year.
2
 
The decreasing of estrogens level in post-menopau-
sal women is an issue that will hinder the growth re-
gulator and homeostasis. The direct effect of estro-
gens decreasing will increase interleukin 1 (IL1), in-
terleukin 6 (IL6), and alpha tumour necrosis factor 
(TNF α) by monocytes. The osteoclast activity in-
creases through the RANK receptor pathway and 
macrophage colony stimulating factor (M-CSF), 
both of which stimulate osteoclasts. A decrease in es-
trogens is also followed by a decrease in apoptosis in 
osteoclast cells, so that the resorption process occurs 
more frequent. The osteoclast activity by extending 
villi to the bone excreting proteolytic enzymes con-
taining collagens and carbonic anhydrase II (CA II), 
citric acid and lactic acid. Collagenase enzyme des-
troys bone collagen while CA II enzyme catalyzes 
CO2 to be intracellular H2CO3. Meanwhile, the CA II 
enzyme also catalyzes H2CO3 into H
+
 and HCO3. 
The high levels of H
+
 can cause dissolution of cal-
cium ions in bone.
3,4 
Reduction in bone quality can 
have implications for periodontal tissues, causing 
tooth loss, BMD reduction, alveolar cervical resorp-
tion and cortical thinning which can be reflected on 
panoramic radiographs.
7
  
Maxillofacial panoramic radiography can be seen 
without left and right superimposed side. So that this 
technique, even within limits, will still be widely 
used in the world and also within Indonesian dentists 
before dental treatment. Panoramic radiograph data 
can be utilized to predict bone quality by observing 
its micro and macrostructure. Recently, the standard 
used to indicate the bone quality is using Dual Ex-
posures X ray Absorpsimetry (DEXA).
7 
The basic 
principle is similar, which is using the radiograph but 
DEXA is using dual energy. DEXA equipment is 
still rare and only found in large hospitals and is ex-
pensive to use. Patients are rarely performing bone 
quality checking. Hence, DEXA examination is per-
formed after a fracture occurs. This of course, will 
consume much money for the patients. The efforts to 
find new standard continue to be carried out in line 
with the progress of radiographic techniques with di-
gital systems. Panoramic radiographs are widely 
used recently because they are easy to obtain, af-
fordable, low doses, and widely used by dentists. 
Based on the results of several studies, it is women 
that frequently visited the dentist. Menopausal 
women have osteoporosis problems three times 
greater than men due to the decreased estrogens, so 
early bone quality determination is needed and 
becomes important. It is important to determine bone 
quality on early stage, and examination based on 
panoramic radiographs is very possible as early 
detection. The earliest stage to determine the bone 
quality based on mandibular cortical is pretty well-
developed in the world. 
 In Europe, researchers like Klimetti et al already 
have a cortical standard based on European standard, 
while in Asia was developed by Taguchi et al.
8
 In In-
donesia, researches are still conducted. With the in-
crease of technological developments in digital and 
software, researchers shifted and argued that deter-
mining bone quality based on cortical can be rela-
tively slow that it less accurate compares to trabe-
cular. Trabecular metabolism is up to 8 times higher 
than cortical.
9   
The basic standards of DEXA trabe-
culae are becoming ROI on lumbal. The problems 
that arise are difficulties in determining or observing 
ROI trabecular that is spared from local effects such 
as one-sided mastication and infection. The choice of 
process alveolar of trabeculae as ROI is caused by its 
highest metabolic rate in mandibular and is more ho-
mogeneous than maxillary.
9 
The aim of this research 
is to determine bone quality in post-menopausal wo-
men using extensive trabecular alveolar process on 
digital panoramic radiographs. 
 
MATERIALS AND METHODS 
 
This is a cross-sectional research, conducted by 
using secondary data with inclusion criteria: post-
menopausal women with age range of 50 to 80 years, 
who already have Panoramic and DEXA Radio-
graphic Data at RSGM FKG Universitas Padjadjaran 
Bandung. DEXA data which is in the form of t-score 
data is used as a basis for the Bone Mineral Density 
(BMD) classification (t-score >-1 normal, t-score <-
2.5 osteoporosis and between -1 and -2.5 osteopenia) 
will be used as the gold standard. 
The research sample was taken based on the pa-
tient's arrival (consecutive sampling) which was 
based on the order of visit until the minimum sample 
number was fulfilled. The equipments which is was 
Computer Unit with the specific Intel Pentium Dual 
core 2 GHz processor, Samsung 4GB screen 
monitor, Image J Program, digital panoramic X-ray 
(Vatex Korintificea, 12 mA and 70 and 80 kVp, 
Screen speed 200). 
Alveolar trabeculae were analyzed for the distal 
part of the second premolar tooth, the central Region 
of Interest (ROI) in the middle of the height of the 
root, which is from Cemento Enamel Junction and 
worn teeth. 
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Figure 1. The picture of panoramic radiograph 
 
 
 
 
Figure 2. The box with size of 30x30 of premolar distal 
was made from the centre of ROI 
 
Figure 3. The Processing film by Image J 
 
It was carried out on normal panoramic radio-
graphs of trabeculae, osteopenia and osteoporosis 
based on DEXA analysis. The radiograph processing 
is using the Image J Program for trabecular pattern 
from micro analysis structure. Digital radiographs 
are opened with a region of interest (30x30 pixels) 
taken from the alveolar, then the image was cropped 
and saved in Tiff format (original image), enhance-
ment with high pass filtering through (original-low 
pass filtering image) using a Gaussian filter which 
was designed to release the huge number of varia-
tions of brightness caused by differences in object 
thickness and overlap with soft tissue. Then, the blur-
ring (low pass filter) was performed using a two-
level Gaussian filter (sigma 35 pixels, 33x33 kernel 
size). This stage releases scales of all fine and me-
dium scale and the one which was left is having the 
large-scale density. 
The original picture minus the blur image produces 
an image that has a brightness variation by showing 
trabeculae and marrow areas. Then, binarization is 
performed with thresholding (128 pixels). This will 
display a black image (background) and white (fore-
ground). The binary image is eroded and dilated 
three times to eliminate noise. 
10 
 
RESULTS 
 
The Research on trabeculae on panoramic radio-
graphs to diagnose osteoporosis on panoramic radio-
graphs of post-menopausal women has been per-
formed on 64 panoramic radiographs. 
 
Table 1. The average of trabeculae area on normal bone 
quality group 
 
No t-Score Trabecular area (%) 
Right Left 
Average   84,4 80,3 
   
 
 
The average area of the left and right trabeculae in 
the normal group is 82.35%.  
 
Table 2. The average of trabeculae area on Osteoporosis 
group 
 
No  t-Score Trabecular area (%) 
Right Right 
Average   66,3 71,1 
 
From the calculation results, the normal left and 
right averages are 82.35%, while the left and right 
averages for osteoporosis are 68.70%. The homo-
geneity test showed the f value calculated is at 0.025 
and the p value (sig) is 0.873, which is greater than 
0.05. Therefore, Ho is accepted because the above 
group variance was homogeneous.   
The results of different tests between normal and 
osteoporosis group showed the p value (sig) of 0.00 
and less than 0.05, which indicates that Ho was re-
jected. Therefore, the significant differences between 
normal and osteoporosis groups is revealed with p 
<0.05. 
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Table 3. The average of trabeculae area on Osteopenia 
group 
 
No t-Score Trabecular area (%) 
Right Left 
Average   74,07 73,73 
 
The average area of the trabecular area is 73.9%, 
while for the average different test for Two Indepen-
dent Samples; the p-value (sig) was 0.882. Since the 
value is greater than 0.05, it can be concluded that 
there is no difference in trabecular area between the 
normal group and osteopenia. The results of different 
tests between the normal group and osteopenia did 
not differ significantly. 
 
DISCUSSION 
 
Several efforts have conducted to make detection 
of osteoporosis be more detectable. The use of 
panoramic radiographs with various methods has 
been developed because the use of Dual exposure X-
ray Absorpsimetry (DEXA) as a standard is found 
difficult to be conducted especially due to the li-
mitations of equipments, rareness and expensive-
ness. The bone quality analysis using panoramic 
radiographs continues to be developed primarily 
based on cortical radio morphology. Several radio 
morphology indexes have been developed with 
various methods such as the Mandibular Cortical 
Index (MCI), Panoramic Mental Index (PMI), Go-
nial Index (GI), ante gonial Index (AI), Mental Index 
(MI) and the ratio of alveolar bone height and man-
dibular basal bone.
11
 
Klemetti, Kolmokow, Taguchi, and Bollen et al,
12 
stated that MCI is the best in terms of its well 
correlation with the DEXA Lumbal. Whereas 
Mohajery and Brooks,
13
 did not find a relationship 
between cortical thinning at the mandibular angle, 
sinus base and lamina dura which correlated with 
DEXA Lum-bal. Likewise with Balciconyte et al,
14
 
who revealed that there was no DEXA lumbal 
relation between alveolar body height and mandi-
bular bone basal. Moreover, Cakur et al.
11
 showed no 
correlation between DEXA mandibular bone density 
and DEXA lumbal bone. This disparity in results is 
caused by differences in methods and research 
samples. Other researchers found that cortical is less 
sensitive than trabeculae, because the thinning 
changes appear after 5 years, so they are not sensitive 
to be used as a basis for determining bone quality. 
Then, the development of trabecular bone-based 
research happened and was carried out using pa-
noramic radiographs, CBCT, ultrasound, Quan-
titative Computed Tomography (QCT), and micro 
CT.   
Taguchi et al
8
 discovered a relationship between 
trabeculae and mandibulae through QCT with DE-
XA lumbal bone.  This is accordance to Amer et al
10
 
who said that in various places on the mandibular 
can be made as ROI, where there is a correlation bet-
ween the location of Region of Interest (ROI) 
angulus, ROI dimental foramen and diapex trabe-
culae with an incisive bottom. Watanabe et al
15
 
stated that ROI trabeculae, mental foramen can be 
used for bone quality analysis. The bone structure 
change in post-menopausal women occurs in all 
bones but the severity is different and is related to 
age.  
This research was using panoramic radiographs 
and ROI on the trabeculae, in the middle of the 
alveolar process. The results showed that the normal 
and osteoporosis groups had significant differences 
with p <0.05. The research in mice revealed the 
change in the decrease of bone mass in the inter 
radicular septum alveolar for the first molar, after 
one month of ovariectomy (decreased estrogen) .
16
 
Jie Yang et al. 
17
 stated that there was trabecular 
thinning in mice that had ovariectomy and decreased 
in trabecular area. The first change occurred on 
trabeculae which was formed enchondrally at the end 
of long bones. The decrease in trabeculae is closely 
related to chewing power, because studies with one-
sided tooth extraction in mice have differences in 
trabecular density and do not occur in cortical.
18,19
 
Descriptively, the results of the right trabecular 
density showed a greater value than the left one. This 
might be due to the one-sided mastication pattern. To 
eliminate these factors, the average left and right 
values were taken. In contrast to experimental ani-
mals, mice and monkeys have different patterns of 
mastication with humans. Trabecular based studies 
on monkey jaws have a higher sensitivity and ac-
curacy than cortical based.
20,21
 
The different test results for normal group and os-
teopenia indicated no difference. This situation can 
be identified from two aspects, namely the factor of 
panoramic radiographs and anatomical factors. In-
consistency in osteopenia group values is due to the 
fewer amounts of changes which cannot be detected 
by panoramic radiographs based on limited reso-
lution, lots of noise and superimpose, so that it is un-
able to detect the differences radio graphically. Seve-
ral weaknesses in research might occur because 
many other factors that are difficult to control which 
can affect the extent of trabeculae, such as uncon-
trollable anatomical factors, for example; one-
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sided mastication, chewing load, nutrition, missing 
teeth, exercise and age range, body mass index and 
socio-economic status. 
Conclusion: the area of the alveolar region of the 
trabeculae using the panoramic radiographs can be 
used as a basis for detecting bone quality in post-
menopausal women by grouping into two normal 
groups (normal + osteopenia) and osteoporosis. 
Suggestion: further research is needed by control-
ling the confounding variables such as mastication 
patterns, number of missing teeth, socio-economic 
status and using minimal superimpose and low ra-
diation radiographs. 
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